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Outline of talk

® The physics context of d+Au collisions.
® What was measured so far at RHIC.

® Mid-rapidity measurements.
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At RHIC energies the d
beam can be considered
to first order, as a beam
of quarks. At mid-
rapidity the interactions
probe x~0.01 on both

beam and target.

2M, Yeystem
i - cosh(y)

At high rapidity the collision is
much more skewed; the x of the
beam partons is in the range of
x~0.1 (valence quarks) and the
target is probed at values that
can range down to x~0.00|

ysystem=1/2(y1+YZ)
y'=1/2(y;-y>)
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HERA results show the  1he onset of non-linear effects (gluon

PDFs growing fast as x fusion) can set at on ~ | (probability of
becomes small. Specially ~ interaction with a gluon of the target

for gluons. equal to 1) which with n=(dN/dy)/TTR?

H1 and ZEUS (pre and 0=0:N/Q? sets the condition on
Q*=10 GeV?
e the transverse momentum of the probe:

April 2010

HERAPDF1.0
total uncertainty

---. +F,(charm), m =14 GeV
+F,(charm), mc=1.65 GeV

RT VFEN STandard

the growth of dN/dy with x is set to:

dN/dy~ | /x* with A\ extracted from

HERA data with value ranging from
0.2-0.3
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For nuclear targets, the A dependence is introduced with:
Q2% = A3 Q% which will be written as:

4
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stA = Al/3 on (Xo/X)>‘ = Al3 on X>‘o e)\y

At RHIC top energy one can “raise” the saturation
scale Qs by increasing the size of the target and/or by
measuring at high rapidity.

using Qo = | GeV, A = 0.3 and xo = 3.0x10—4 we have:
Q2(y=0) = 0.49 GeV2and Q2%(y=3) = |.2 GeV2

pileF Aol o et Uiy
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d+Au . 0.20%
200 GeV . 20-40%

target leaves [PV 40-60%
a “‘spray”’ of 60-80%

mostl ) 80-100%
. Y 5097200 14.5,13.7 Min-bi The d beam
pions ~2.5 ) ¢ Min-bias i

. o leaves a “‘trai
units of y 050900,

OOOOOOI)9997 . .
N\ similar to Npart

or Ncoll times a
s proton beam.

‘¢ . 3 QOO ..III..QQ
behind g6 A,

= n
a S
T

-
o
L

dNS2/dn 7 dNPPZd

(=] o
TTT T T

0

2 4 6 8 10 12 14
(N

Yl / ANPP/din

part)
= 40-60%
*0-20%

0 60-80%
020-40%
e 4 80-100%

Phys. Rev. C72,031901(R) (2005)

dA
h

AN

Triangular distribution

S. J. Brodsky et al., Phys. Rev. Lett., 39, 1120 (1977). ) T]
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVCAN000072000003031901000001&idtype=cvips&gifs=Yes&type=ALERT
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVCAN000072000003031901000001&idtype=cvips&gifs=Yes&type=ALERT
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Particle production in d+Au at 200 GeV and mid-rapidity

(b) d+Au 200 GeV (¢) d+Au 200 GeV

d+Au 200 GeV

O ¢t
® T

02 04 06 08 1

Phys. Rev. C 79 (2009) 34909

TPC measurements at |y|<0.l| Particle identification done with dE/dx. Centrality from
top to bottom: 0-20%, 20-40%, MB, 40-80%. Fits to Blast Wave model describe well the data

and are used to integrate and extract dn/dy.
Centrality defined with

tracks in Au side FTPC
-3.8<n<-2.8

8
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-
N

Au+Au 62.4 GeV Even though no radial flow is expected if d+Au,

Au+Au 130 GeV

Aushu 200 oV Blast wave fits from p+p to A+A provide a
L]

common tool to characterize all those systems. In
particular the <pt> for K and p do not follow the
trend from A+A to p+p.

<p> [GeV/c]

o
o

o
ES

pp 200 GeV
d+Au 200 GeV

Chemical freeze-out temperature extracted from fits
to particle ratios.
Kinetic freeze-out temperature Ty, is 2 parameter in

the blast-wave model. Within errors, Tch is constant l

for all systems. Tyin appears constant in pp and dAu A O pp200GLV MB A ® AurAu62.4 GeV

and only drops in the expanding A+A systems. A & d+Au200GeV MB A O AutAu 130 GeV
A O d+Au 200 GeV A O Au+Au 200 GeV

-
N

Au+Au 62.4 GeV
Au+Au 130 GeV
Au+Au 200 GeV
pp 200 GeV

<p> [GeV/c]

Qs the only scale in CGC can be related
s to the pion yield (parton-hadron duality)
L 0050 B and the transverse size of the overlap S.

o
o

e
F'S

<p,>=0.38+0.16 dN_/dy/S N

<p>= 0.29+0.07 dNn/dy/S N

15

2 2.5
-1
N /dy’S, [fm"}

9

Tuesday, May 11, 2010 9



Pseudo-rapidity Asymmetry and Centrality Dependence of Charged Hadron Spectra

minbias (0.5<ml<1.0) —— Wang, No Shadow
minbias (0.0<l<0.5) Wang, HIJING Shadow
(O.5<|1"||<1 0) Wang, EKS Shadow
Saturation (0.5<ni<1.0)
Saturation (0.0<nl<0.5)

Contrasting beam and
target fragmentation
regions close to mid-
rapidity

-
®

n-tag
n-tag (0.0<lInl<0.5)

»
| >3 S}

—
o

»

2 0-20% x 35

3 20-40% x 20
¢ 0-100% x 8
440-100% x 20
§0-20%/2
¥20-40%/4
¥0-100%/9

¥ 40-100% /17

Sl s
o] W] i ® ® B ®
LaR Wi Wl SR SR SR
[ NI WA WA NN CHEN SHEN )
L al u sl )
Cal oI I SR I I )
Cul SIS IR R O )

n Asymmetry ratio
N

] o o] O & & »

—

0.8

1 2 3 4 ) 6 7/
Phys. Rev. C 70 (2004) 64907 p (GeV/c)

| 4 0-20% (0.5<mi<1.0) —Sat. 0-20% (0.5<mi<1.0)
v 20-40% (0.5<mi<1.0) ----Sat. 20-40% (0.5<hi<1.0)
| % 40-100% (0.5<ml<1.0) ----Sat. 40-100% (0.5<ml<1.0) 0.0<n<0.5

; . 0.5<n<1.0
The centrality dependence - Au+Au 0-5%/60-80% Ini<0.5

is stronger at the high n
bins.

| A 0-20% (0.0<l<0.5) — Sat. 0-20% (0.0<lnl<0.5)
| © 20-40% (0.0<Inl<0.5) ----Sat. 20-40% (0.0<In|<0.5)
* 40-100% (0.0<hl<0.5) ---Sat. 40-100% (0.0<h|<0.5)

Wang: Phys.Lett. B565, 116 (2003)

Sat.ID.Kharzeev,Y.KovchegovandK.Tuchin, — % — 2' — é — 4|1 — 5' — é — '7
Phys. Rev. D 68,094013 (2003). p; (GeVic)
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Similar measurement with pions
STAR TPC, pid with logarithmic rise.

lyl<0.5 0.5«lyl<1.0

® waxiot O MBXI0" [l The STAR acceptance has been

B 0-20%Xx10° O 0-20%X10°

4 Baowad & 2040910 il divided in four rapidity bins.

K 40-100%X10" = 40-100%X10’

'35 T lyl<05 ooz2% fmw 05<lyl<1.0
F ® 40-100% §§

T

T

(®N) / (2p_)dydp.) [(GeV/c)?]

§ .8k + ] | | .

- :IIII_IIIIIIIIIIIIIIIIIIIIIIE

T | 4D -

Phys. Rev. C 76 (2007) 54903 D
910 3 458678 910 ¢

l:lll__"lllll
III|III|I

= 71 M.B.lyl<0.5

o m M.B. 0.5«lyl<1.0
h M.B. lyl<0.5

----------- h M.B. 0.5«lyl<1.0

llllllll

n lyl<0.5

7t 0.5«lyl<1.0

h Saturation lyl<0.5
] h Sautration 0.5<lyl<1.0 3

O p+p M.B. 0.5<lyl<1.0 ] PR NN SN RN T T AT NS N

3 4 5 6 7 8 9 4 > ° ! 8 ¥
Transverse Momentum p_(GeV/c) Transverse Momentum p_(GeV/c)

® p+p M.B. lyl<0.5

N_Illllllll
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3 C L & M.B.
dAu Minbias | inbi 5f O 1 0-20%

05<y<0.0 | 0. . i «:s h M.B. i<0.5

it | %

oo NSD o O p+p 0-20% ]
_ «:h  MB. hi<05 |

-—h
L

=
9

-tk
@ o

Ry, (Iy1<0.5)

-0.5<y<0.0

d?N/(2npdp-dy) (GeV/c)~

-
<

=
<

Transverse Momentum P, (GeV/c)
Phys. Lett. B 637 (2006) 161

P
e e

005115225335005115225335
p, (GeV/c)

dAu Minbias

Protons have stronger
Cronin, K and pi behave
similarly

dAu 0-20%
Au+Au R, (PHENIX)
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NMF for charged hadrons in d+Au and nucleon+Au

—
PH ENIX o

All Centralities x 100 ‘ Centrality C x 0.1 Au
Centrality A (Central) x 10 | %, Centrality D (Peripheral) x 0.01 [ | ]

Centrality B BN 30 20 -10

3

—_
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Dipole Magnet
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N
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1 2 3 45 67 8 9 12 3 4 5 6 7 8 9 . @ Centrality A (Central) ' P Centrality A (Central)
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—

Q
—
o

Phys. Rev. C77, 014905 Ot U
2
Charged hadron spectra at different centralities | PO TS N E — ?4
for d-%Au and nuclzon+Au defined with ZDC and [ ety B ?" | Cemf;ﬁ:B * {
FCAL information.
Centrality defined with cuts on the BBC
multiplicity corresponding to the following
fraction of cross section:
A: 0-20% B:20-40% C:40-60% D: 60-80%
nucleon+Au tagged events are biased towards
peripheral collisions but same BBC cuts are used.

L
‘:'ﬂi‘l:..'i‘f'!"!-b O ¢

o« Centrality C ' P Centrality C
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http://link.aps.org/abstract/PRC/v77/e014905
http://link.aps.org/abstract/PRC/v77/e014905

Cronin effect studied in d+Au at mid-rapidity

The Cronin effect is expected
to be the result of soft
interactions before the main
hard collisions, each adding a
“kick” <kt>:

Within errors, Cronin
om 28< p <6.0 GeV/c enhancement is present above

o 1.5< p <2.7 GeV/c 2.8 GeV/c but remains

ra 006< p <1.0 GeV/c constant as the projectile
undergoes further collisions.

1 2 3 4 5 6 7 8 9 10
v -1 (collisions)

Open markers: d+Au Filled markers: nucleon+Au
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Cronin at y=0 as function of centralit

Calculations using

a pQCD model 00-20% 20-40%

O 40-60% . .

 60.88.5% of multiple semi-
hard collisions
and taking TSRS el £ NN < ozeastout S
geometrical

shadowing into
account describe
well the pion Ryau

A. Accardi and M. Gyulassy, Phys. Lett. B586, 244
(2004).

p; (GeV/c) p; (GeV/c)

PID done with high resolution

TOF, which covers -0.35 < n < 0.35 .
and A = T1/8 e
Minimum Bias

K +K

The proton and antiproton spectra
are corrected for feed-down from
weak decays via a Monte Carlo stronger, by

simulation using as input approximately
experimental data on A 30%-50% in the TR S —

production.

The enhancement
for protons is

most central
collisions
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http://link.aps.org/abstract/PRC/v74/e024904
http://link.aps.org/abstract/PRC/v74/e024904

Comparison to Cronin effect at lower energies

O

The figure shows the NMF as per beam-nucleon 0

cross section ratios in order to compare it to A p+p
+\Je—
IOWGI" energy P+A 1012 N 81 a(=]a =] g 1 Y D Antreasyan et al., Phys. Rev. D19, 764 ®n \15_274 GeV

A p \s=27.4 GeV

The differences between the two energy
regimes, both for protons and pions is clear. This
could be “evidence for a different production
mechanism for high pt hadrons at RHIC”. At
high energy, coherent gluon radiation from
different target nucleons, may produce
suppression.

B.Z. Kopeliovich, J. Nemchik, A. Schafer and A.V.

Tarasov, Phys. Rev. Lett. 88, 232303 (2002).
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e 0-20% x 1000
m 20-40% x 100
40-60% x 10
v 60-88%

SN =200 GeV

Even though the n
meson is more
massive than a
pion, it produces a
very similar Rqay
The centrality
dependence of the
small Cronin
enhancement is
weak for both
pions and n.

e d+Au min bias e d+Au min bias

H D+p . Ep+p
Sy =200 GeV sNN:ZOO GeV

E d®c /dp’ (mb GeV ™ c?)

10'10
0 2 46 8 10121416 2 4 6 8 10121416

70 p; (GeV) n py (GeV)

The 110 and N measured with the PHENIX
(EMCal) via the TT0 = YY and N — YY decay.
The EMCal consists of six lead scintillator
(PbSc) and two lead glass (PbGl) sectors, at a
radial distance of ~ 5 m from the beam axis.

covering || < 0.35and A = TI.

: : &
The uncertainty on the energy scale is 1.2%. -

Tuesday, May 11, 2010

min bias

Centrality defined with
multiplicity in the Au
side BBC -3.9<n<-3.0




0 The STAR Barrel Electromagnetic Calorimeter BEMC was
« p+p used to detect statistically high-pt TTo and N mesons via
;1‘3{5“;@@ their YY decays. d+Au: at least 1 neutron on Au
side ZDC. p+p: BBC coincidence. Centrality defined
with Au side FTPC multiplicity. Energy scale
calibration done with e measured with TPC with 5%

uncertainty.
e 7Y (this analysis)
¢ STAR (nt4 7)/2
o PHENIX 70

Data /theory

a7 (this analysis)

o PHENIX 7

Data /theory

NLO pQCD calculations reproduce well the

measurements. The pp calc. uses CTEQ6M PDF and KKP
FFsf The d+Au calculation used Au nuclear parton
d istri butions. L. Frankfurt, V. Guzey, and M. Strikman, Phys. Rev. D I 8

71, 054001 (2005).
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RESONANCES
RECONSTRUCTED VIA
THEIR HADRONIC
DECAYS WITHIN THE
STAR TPC.
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flfiere .
= Minimum Bias d+Au °“F.
N 10 = o
> = Q1
s = s
3 = sLE Hog
QRS : B 9, g
o 10 E O-_...l...l..f\lq.éﬁ.).wﬁ’o.ag)ai{v
B (B AR C R
o = - GeVi/c?
NZ =ik m(GeV/c?)
R0 £ A
s B = 2 @ACA
B AT+ A x 375 S
e 2 t2 x 7.2 el B
= v A*+A*x 8.0 R e
10—6 _I | | | | | | | ] | | | | | | | | | | | | | | | | | I:Il |
0 1 2 3 4 5 :
mT(GeV/c )
All resonances display mt scaling and have
similar Rgau (consistent with pion’s)
;fs\%fAR
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e  Production of ® mesons at mid-rapidity

The ® meson was measured thru its decays into a

PHENIX kaon pair, no PID on tracks, combinatorial
¢ — K'K d+Au background estimated using event-mixing technique.
\ Sy = 200 GeV Yields: Breit-Wigner+gauss (mass. res.) and

polynomial for remaining background.

d+Au 0-20%
For both centralities, the \/Syy =200 GeV

RdA for ¢ and 1 are similar
iIndicating that cold nuclear
effects are not responsible
for the differences between
é and 1o seen in Au+Au and
Cu+Cu collisions.

A MBx 510°
® 0-20% x10*
» 20-40% x10°
o 40-60% x10?

0 60-88% x10
* P+p

° q)o Au+Au 0-10%

= T  Au+Au 0-10%
o K'+K™ Au+Au 0-5%
A PP Au+Au 0-5%

Au+Au 0-20%

1 2 3 4 5

pT (GeV/c) arXiv:1004.3532 o
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http://arxiv.org/abs/1004.3532
http://arxiv.org/abs/1004.3532

Productlon of W at mid-rapidity (spin dep.)

PHENIX - meson at Eweiendl Measured statistically thru their decays w — ™ it 1t
w — ™y — 3y with EMCal and tracking.

O

| The nuclear ST (0%20%)  PHENIX Ry, \Syn=2t

modification
| factor for w
{ production in d
. | +Au collisions is
s [ consistent with
| 1 and pt .
| independent for ~f Min. Bias
| pr>2 GeV/c el
| similar to other L en—omn
| meson
measurements.

-d
Q

dsAu (x10)
0%-20%

?

—
Q
‘w

B

0{\
A
L
>
Q
S
0
=
S
“*
o
el
>
L
B
o~

e)
—_—
-
o
=
&
-

%« 1000
T .';
-

-

S,
o
ount

Mass resolution (20-25 MeV) for the mixed
neutral-charged particle decay mode.
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N\ and A\ detected in the

STAR FTPCs used to
deduce stopping power
in d+Au at 200 GeV/c

=

T

) d®N/dydp_ [GeV2 ¢?]
o

—r
Q
N

(1/p_

—r
S
w»

5y — (ncoll — 1)/05 =+ 17
O 02 04 06 08 1 12 14 16 18 2

Phys. Rev. C 76 (2007) 64904 P [GeV/c]

—e— peripheral (40%-100%)
---=--- mid-central (20%-40%)
------- & central (0%-20%)

Curves are based on the Multi-Chain-Model (S.
Date, M. Gyulassy, and H. Sumiyoshi, Phys. Rev.

D32, 619) set a=2.9+0.5 The model
consistently describes stopping in fixed
target at 100 GeV (a = 3+1) this may
indicate that stopping in d+A is independent <« dy
of cm energy and is mainly driven by the l
number of collisions. | e e 4
Baryons measured close to beam y probed the e
saturated target at small x. CGC based | TN e
calculations of stopping have been performed.

Phys.Rev.C80:054905,2009

net A dN/cly

—-'--
.-
--
_-'- TR
- -n""
- cannt
- ansertt
| —B~4"T | P |
o‘— --“"l
- aantt
Phe et
.
.
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d+Au (D'+D’)12 [ x10
d+Au (e"+e’)/2 [ x5]
d+Au e’ [x5]

p+p (e Ttre )2

— d+Au D  fir [x10] -

=== d+Au c—e fit [x5]
p+p c—>e fit

=== p+p PYTHIA

STAR D’ + e in dAu
PHENIX single e in AuAu

SPS/FNAL p beam

—— NLO pQCD (ug=m,)

..-.-o NLO pQCD (uz=2m,)

Collision Energy ~/s (GeV)
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Comparison of pion spectra measured at RHIC at y=0

Black: PHENIX TT°

s/t od+Au 200 GeVEp
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Good agreement
between all three
experiments.
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P, (GeV/c)

P, (GeVi/c)

Fully corrected spectra for identified particles

(TOF at MRS and RHIC at FS) in narrow rapidity

windows. particles are shown in and
ones with

No feed down corrections applied to p spectra.

These rapidity values were selected because they
provide us with the highest pt coverage.

The center of the rapidity window for each
spectra is shown at the end-point of the positive
charge distributions.

For clarity, each spectra is divide by powers of | 0.

Only statistical error are displayed, the
identification of systematic uncertainties is in
progress.

Centrality defined with multiplicity

measurements in -2<N<2 We use three centrality
data samples 0-30%, 30-60% and 60-80%
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Rdau for pions in central collisions (0-30%)

i E y=3
. 0-30%y=0 = - y=0.9 p &
R L &3 o hPRL93
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a
O

B o0
ot
-‘r_i.’.“‘

I Lt O 0 TG e Ol NN A A Vo ) (i AN s M ot G o IOV O o MY o N o M G vy Y P N T ol v o N 3 M N o M U1 ot N o S ) O o i MR i B o WO W VA L W |
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pT[GeVIc]

As the rapidity of the measurements increases, the growth of the cross section in the numerator
slows down because of its proximity to the saturated regime (non-linear effects in quantum-

evolution). Meanwhile, the cross section of the denominator (dilute p+p system) continues to
increase.

27
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Rdau for pions in semi-central collisions (30-60%)

. 30-60%y=0| - y=0.9 L y=

BRAHMS PRELIMINARY
i}

+L+++

B 4
| aige

lllllllllllllllllllllllllllllllllllllllllllllllllllll

2 3 40 1 2 3 40 1 2 3 4
pT[GeV/c]

As mentioned in the introduction, the saturation scale grows with the number of participant
nucleons in the target. As we study the RdAu in semi-central collisions, the change of the ratio
as rapidity increases is less pronounced.
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LWIRdAu for Kaons in central collisions (0-30%)

. 0-30%y=0 | - y=0.9 -

BRAHMS PRELIMINARY

e

01 2 3 40 1 2 3 40 1 2 3 4
T[GeVIc]

The kaons have a rapidity and centrality dependence that is very similar to the one found in pions.
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RdAu for protons in central collisions (0-30%)

. p0-30%y=0 | . py=0.75
*p 1P j
- BRAHMS PRELIMIN

—

1 2 3 40 1 2 3 40 1 2 3 4
pT[GeVlc]

Protons have a more pronounced Cronin “peak’ near mid-rapidity and they show similar
behavior at high rapidity. There appears to be a shift of the peak towards higher values of

transverse momentum.
30
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RdAu for all species in central collisions (0-30%)
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ch for pions in the most central collisions (0-30%)

- y=2.1
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PHOBOS
O PHENIX
STAR
BRAHMS

p;=2GeV/c p; =2.6 GeV/c

PHOBOS charged hadron
yields in a Min. Bias sample
compared to scaled UAI
p+anti-p distribution.

Rdau constructed with ratio of fits to d+Au yields and the UAI
reference, calculated at four pt values greater than 2 GeV/c,
and plotted as function of N. The shaded bands show the
systematic uncertainty of the scale.

33

Tuesday, May 11, 2010



e PTH at backward
PTH at forward
HDM at backward
HDM at forward |

-
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e PTH at backward -

m PTH at forward
HDM at backward
HDM at forward
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PH ENIX
Charged hadron production in d+Au

reactions at 200 GeV measured in the
d-direction ( ):1.4<n<22, and
in the gold-direction —2.0 < n < -1 .4,

{ ) with MulD detectors.

PTH: punch thru hadrons reach part
way the MulD

HDM: identified muons from decay of
hadrons.

BRAHMS n=1.0
BRAHMS 11=2.2
BRAHMS 11=3.2
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Phys. Rev. Lett. 97 (2006) 152302

Yields of high energy T1° (25 < ETT < 55GeV) at forward
rapidities (3.0 ~< n ~<4.2) from p+p and d+Au
measured with the STAR FPD

Raau for 110 at (N> = 4.00 together with h— BRAHMS data
at smaller. Systematic errors from p+p and d+Au are

added in quadrature.The curves in inset are the NLO calc.

shown above.
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p; [GeV] Figure 2: p; spectra of 7% and 7~ from d+Au collisions compared to BRAHMS preliminary £

minimum bias data (y, = 3.0). The lines show the CGC results with the LO Kretzer FEs £
Fig. 5. Importance of DGLAP evolution of the proton/hadron distribution/fragmentation functions and of the anomalous  and K = 1.4, where either the LO CTEQ5 or diquark PDFs are used.
dimension of the target gluon distribution.

A. Hayashigaki Nucl.Phys.A775:51- . =
A. Dumitru, A. Hayashigaki and J. Jalilian-Marian, Nucl. Phys. A 765, 464 (2006). ayashigaki Nucl.Phys.A775:51-68,2006 -

Includes recoil correction from
gluon radiation by projectile
quarks.As well as DGLAP
evolution of quark and gluon
PDF in projectile.
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Q. o e, * h (x200); =2.2; K=1 S . F = h(x20); N=2.2; K=1
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5 10" + 1% m=4; K=0.4 S F
Z 10
"5 107 ° F
3 CE
10° =
107 E
B
107 =
107° 3 E
7L 1 | |
10 0.5 5

Figure 1: Negatively charged hadron and 7 yields in proton-proton (at pseudo-rapidities (2.2,
3.2) and (3.3, 3.8 and 4)) and deuteron-gold (at pseudo-rapidities (2.2, 3.2) and 4) collisions at
V/Snn = 200 GeV. Data by the BRAHMS and STAR collaborations.

‘ . d Ny,
Javier L. Albacete, Cyrille M?:quu?t, (Saclay, SPhT) . Jan 2010. 12pp. T2 B g — ajlfq/p xl,pt) Ng (:BQ, ) 1Dk, ez pt)
Published in Phys.Lett.B687:174-179,2010. Yn pt 77

eI pt)NA (372, ) sl pt)} ;

where Nr and Na are numerical solutions
of the BK equation with running coupling.
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- B BRAHMSh aty=32 - ) .. . .
BDR in central pA collisions: Leading partons in the proton, x|,

interact with a dense medium of small x2 — gluons in the nucleus
(shaded area), loosing fraction of its momentum and acquiring a

3 Iarge transverse momentum, > Pt BDR
2 0.6
_QE = Pt
— 04
3 <:E» L Tr1 ~~ 0.2
= =
2 =
0 1 I 1 I 1 I 1
1=
0.8 - s
=l
< 506
5 L
o 04 / £ L. Frankfurt, (Tel Aviv U.) , M. Strikman, (Penn State U.) . May 2007
: N —— pb=68fm - Hamburg 2007, Blois07, Forward physics and QCD* 327-335
02 — b=56fm Phys.Lett.B645:412-421,2007.
i =+ b=3fm
O 1 I 1 I 1 I 1

0 1 2 3 4
P, [GeV]

Jian-wei Qiu, Ivan Vitev Phys.Lett.B632:507-511,2006.

Coherent multiple parton scattering
with several nucleons in lepton-nucleus
and hadron-nucleus collisions leads to
shadowing.
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FIG. 3: Ratio of negative particle production rates in d — Au
and pp collisions as function of pr. Data are from [1], solid
and dashed curves correspond to calculations with the diquark
size 0.3 fm and 0.4 fm respectively.

B. Z. Kopeliovich, J. Nemchik, I. K. Potashnikova, M. B. Johnson, I. Schmidt,
Break- down of QCD factorization at large Feynman x, Phys. Rev. C72
(2005) 054606.

Energy conservation implies large rapidity gaps when
particles are detected at xp — | which imply
suppression.
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FIG. 2: Nuclear modification factor Rga. of charged particles for different rapidities. In the top two figures, corresponding to s i : : : . P . cqis
B - lio corresponds o (- +-i+)/2 contribution calculated with x = 0 in the iscspinindependent approximation, Fig. 4. Rc p for the BK parametrization (thick lines) and the BFKL + saturation form (thin lines) at different rapidities

while the dashed line gives the same (h~ + h*)/2 contribution but with x = 1 GeV. In the lower two plots, corresponding to ) = 1, 2.2 and 3.2. Full lines correspond to central over peripheral collisions (full experimental dots). Dashed lines
n = 2.2, 3.2, the solid line gives the h™ contribution calculated in the constituent quark model with x = 0, the dashed line gives dt . tral ipheral collisi t . tal dots). Data £ 2
the same h~ contribution for k = 1 GeV, while the dotted line at 7 = 2.2, 3.2 gives the (k™ + h™)/2 contribution with x = 0. correéspond (o semi-central Over peripheral Collisions (emp y experimental do S)’ ALBITOTN [ ]

Data is from [2].

Dmitri Kharzeev, Yuri V. Kovchegov , Kirill Tuchin, Phys.Lett.B599:23-31,2004. Q? A (b) L5 Q? A (O) N part. Au (b) / N part. Au (O) 3

Rapidity dependence introduced in the quark
dipole—nucleus forward scattering amplitude.

1 9 CF 9 ’Y(y,Z%)
Ng(zr,y) = 1 —exp B Q5
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Summary
® d+Au collisions at RHIC have been studied

thoroughly specially near y=0.

® Cronin enhancement seen at mid-rapidity.

® Enhancement depends on centrality of collisions.

® Protons show stronger enhancement.

® All mesons behave similarly as pions.

® NMFs of pions and kaons show similar
suppression at high rapidity.

® NMF of protons and anti-protons shows
suppressions as function of rapidity but also a
competing Cronin type enhancement.

41

Tuesday, May 11, 2010



Tuesday, May 11, 2010


http://www4.rcf.bnl.gov/brahms/WWW/pubs/2007/pp2005v4Submit.pdf
http://www4.rcf.bnl.gov/brahms/WWW/pubs/2007/pp2005v4Submit.pdf

BFKL evolution Nonlinear evolution

i!= .H
& & & M HIvVa
) ) ] E— Y e— ) ¥
A maEEE iiwav
A N v : L TYWA|
TR I [l
A Sivada iy iH Ay
v §es :
b v

t (time)

The saturation scale (); at b = 0 is given for a nucleus of mass number A (Au(197))
as [22]

QA(Y) >~ QEeMY with A, ~4.9a,, (7)

; : T Py
Q*(ya,b=0) = AY/3Q2 (1—0) = AY3Q2x)eMva, (6)
T

where @ is some non-perturbative initial scale. For a large nucleus, Q3 scales

like A3 as does Q2(Y) for any Y. This form of the saturation momentum is
where Qp ~ 1 GeV, A ~ 0.3 and zg ~ 3.0 x 10™* are fixed by the DIS data [41].
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FIG. 3: (Color online) Charged hadron pseudorapidity distribution per event in the TPC and FTPC acceptance for 0-20%,
20-40%, 40-100% central and minimum bias d4+Au events (triangles). The error bars include both statistical and systematic
error. Also overlayed are measurements from BRAHMS (crosses) [22] and PHOBOS (circles) [23, 24]. In addition predictions
from HIJING [19], AMPT [25] and the saturation model [12] are also plotted compared with STAR measurements.
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Calculations
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Figure 13: Inclusive yield of negatively charged hadrons A~ in pp and dAu collisions. The
experimental data shown by open squares is from [37] with statistical and systematical errors
added in quadrature, and the horizontal bars indicate the py bin. The blue band indicates
the 90% confidence range derived from free proton and nPDF uncertainties. The calculated

cross-sections have been averaged over the pp-bin width.
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